Determination of the absorption and emission spectra. The spectra were measured using a Varian Cary 4000 UV-VIS spectrophotometer and a Varian Cary Eclipse fluorescence spectrophotometer (Agilent Technologies, Santa Clara, CA, USA). 
STED and confocal imaging. STED and the corresponding confocal microscopy were carried out by piezostage scanning (dwell times: 30 µs; pixel size: 5.9 nm) (Nano-PDQ, Mad City Labs, Madison, WI, USA) (Fig. S1 ). Excitation of the fluorophores was performed with two pulsed diode lasers emitting 70 ps pulses, one at 595 nm and the other one at 640 nm (both from PicoQuant, Berlin, Germany). To clean the wavefronts, the excitation beams were coupled into single mode polarization maintaining fibers. STED was performed using a frequency-doubled fiber laser (ELP-5-775-DG, IPG Photonics Corporation, Oxford, MA, USA) emitting 1.2 ns-pulses at 775 nm and 20 MHz repetition rate with a maximum average power of 5 W. [Lasers with similar pulse specifications are also available from MPB Communications Inc (Montreal, Quebec, Canada) and OneFive GmbH (Zürich, Switzerland).] The average power of the STED beam in the focal plane was 60 -120 mW, corresponding to 100 -200 mW at the back aperture of the objective lens. The same STED beam was used for inhibiting fluorescence from both color channels (Fig.   S1B ). Triggering and synchronisation of the excitation pulses to the STED pulses was performed with a photodiode connected to a constant fraction discriminator (CFD) positioned to intercept a small reflection of the STED beam (before coupling the STED beam into a 30 m fiber) and custom-built electronics. Since the pulses of our STED laser exhibit temporal jitter, it is important to trigger each excitation pulse to the corresponding STED pulse. (This may not apply to lasers by other manufacturers due to improved pulseto-pulse stability.) In the pulse-interleaved excitation scheme, the signals from the CFD are electronically distributed to the excitation diodes, so that only every second STED pulse triggers the same excitation diode (Fig. S1C) . While the coarse pulse timing of the STED and excitation lasers is set by the lengths of the fibers, the beam paths and the cables, the fine tuning is realized by electronic delay. After the fiber, the STED beam passes a polymeric phase plate (Vortex pattern, RPC Photonics, Rochester, NY, USA).
In combination with a λ/4 waveplate, the phase plate is responsible for the doughnut shaped STED-focus. Coupling a (commercially available) beam-scanning device between the objective lens and the light sources, which is technically straightforward, reduces both the recording time and bleaching further. 
STED-FCS measurements and data analysis
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